Summary. Two peaks of rabbit serum EPF activity were seen over the course of pregnancy. Rabbit ovaries with or without attached oviducts were perfused in vitro for 5 h beginning 12, 16, 24, 48, 72 
Introduction
Early pregnancy factor (EPF) is a pregnancy-associated glycoprotein that may be useful for the very early detection of fertilization. EPF may also be involved in the immunobiology of implan¬ tation. EPF is first detected in the serum at 6 h after mating in the mouse (Morton et al, 1974 (Morton et al, , 1976 , at 24 h after insemination in the pig (Nancarrow et al, 1981) and sheep (Rolfe, 1982) , and at 48 h after insemination in woman (Morton et al, 1979 (Morton et al, , 1983 . Two phases of EPF production have been found in each of these species despite the wide variation in length of pregnancy. Early EPF is produced during the preimplantation period in the presence of fertilized ova, and late EPF is produced beginning at implantation and continues through the middle third of the pregnancy. Morton et al (1980) , using medium from in-vitro organ culture, demonstrated that early EPF consists of two components: EPF-A, produced by the oviduct during oestrus and pregnancy, and EPF-B, produced by the ovary during pregnancy. The presence of fertilized ova and prolactin can stimulate production of EPF-B (Morton et al, 1980; Cavanagh et al, 1982) . However, the time course of EPF production, the relationship to embryo development, and the role of the ovary and oviduct have yet to be determined. No data have been reported on EPF production in the rabbit. This study was designed to elucidate the time course and source of rabbit EPF production, using an in-vitro perfusion system consisting of both ovary and oviduct. 12, 16, 24, 48, 72 or 120 h before perfusion. Two control groups were prepared for comparison; a pseudopregnant group injected intravenously with 100 i.u. hCG (Pregnyl: Organon, West Orange, NJ, U.S.A.) 24 h before the perfusion, and an unstimulated group of rabbits that had been caged with males but appeared not to have mated (intact follicles, no oocytes or corpora lutea).
Ovary and oviduct perfusion procedure. Rabbits were anaesthetized with pentobarbitone sodium (32 mg/kg), given heparin sulphate (120 U/kg) for anticoagulation, and then subjected to laparotomy. After ligation of collateral vessels and the utero-tubal junction, the ovarian artery and the vein were individually cannulated in situ (Fig. 1) . For per¬ fusion of the ovary + oviduct, each ovary with its vascular pedicle and attached oviduct was removed and placed in a perfusion chamber. For perfusion of the ovary alone, the tubai branch was ligated close to the bifurcation from the ovarian vessels, and the cannulation performed as in Fig. 1 Embryo stage determination. After the 5-h perfusion, the oviducts were flushed with perfusion medium and the collected embryos were examined for developmental stage under phase-contrast microscopy ( 40 objective).
EPF assay. EPF was assayed by the rosette inhibition test, originally described by Bach & Antonie (1968) , and adapted for the assay of EPF by Morton et a! (1974) . This test depends on the ability of EPF to enhance the inhibition of antilymphocyte serum of rosette formation between lymphocytes and heterologous red blood cells. The presence of EPF does not itself affect the number of rosettes formed, but increases the efficacy of rosette inhibition by antibody. The rosette inhibition test may not be species specific; the reaction between mouse spleen cells and human red blood cells is able to detect both mouse and human EPF activity (Rolfe et ai, 1984) . The rosette inhibition test has been modified to include the use of anti T-cell monoclonal antibody (Tinneberg et a!, 1984; Rolfe et a!, 1984) instead of antilymphocyte serum, and human peripheral lymphocytes instead of mouse spleen cells (Morton et ai, 1977 EPF activity in 10 non-pregnant rabbits was 1-0 ± 0 using (Figs 3 & 6) . In a more extensive series of assays with this system we have found that the average EPF activity in sera from 24 non-pregnant rabbits was 1-18 + 006 (unpublished data) oviduct at the onset of perfusion, this activity rapidly decreased to baseline levels. The difference in EPF activity between these two groups was significant (P < 005) except at time 0. All subsequent perfusions were carried out using a preparation which included both ovary and oviduct.
Changes in perfusate EPF activity after mating
The perfusate EPF activity of the ovary plus oviduct with reference to time after mating is presented in Fig. 5 . Two control groups are shown for comparison; a pseudopregnant group 24 h after hCG administration, and a group that did not ovulate. There was no EPF activity (RIT = 1) in either of the two control groups. At the onset of perfusion, the perfusate of the group examined 12 h after mating contained no EPF activity. However, EPF activity was positive in the 1-h samples and it increased steadily for 5 h. The group examined 16 h after mating followed a pattern similar to that of the 12-h group although the activity was lower (data not shown). By 24 h after mating, EPF activity was high at the onset of perfusion, and this activity was maintained over the perfusion period. By 120 h after mating, mean RIT was <3, and did not rise during the 5-h perfusion.
EPF activity in serum and perfusate
The results illustrated in Fig. 5 were used to calculate a mean perfusate RIT value over the 5-h perfusion for each stage of pregnancy. A comparison between serum, obtained immediately after laparotomy, and mean perfusate EPF activity for each stage of pregnancy is shown in Fig. 6 . EPF activity was not detected in serum at 12 h after mating, while perfusate EPF activity was maximum at that time. EPF activity in serum reached that of perfusate at 16 h and thereafter remained higher. In contrast, perfusate EPF activity decreased gradually during the course of pregnancy, and RIT was <3 at 120 h after mating. Serum EPF activity in the groups 16-120 h after mating and per¬ fusate EPF activity of all groups was significantly different from that of the control groups. The difference in EPF activity between perfusate and serum was not significant throughout the period examined except at 12 h after mating. Embryo developmental stage and location are also shown in Fig. 6 . Note that all ova and embryos were examined after 5 h of perfusion, so that their age equals the time under consideration plus 5 h. Pronuclear stage ova were seen in the oviduct 12 and 16 h after mating. At 24 h mostly 2-cell (n = 19) and some 4-cell (n = 4) embryos were found in the oviduct. At 48 h all embryos were at the 8-cell stage and were found in the oviduct. Morula-stage embryos were found in the oviducts (1 rabbit) or uterine horns (2 rabbits) at 72 h after mating. Serum and perfusate EPF activity in the 72-h group remained in the positive range over the 5 h of perfusion for all rabbits. Expanded blastocyst embryos were found only in the uterus at 120 h.
Discussion
The two peaks of activity found for rabbit serum EPF parallel the pattern of EPF activity described for other species (human: Morton et al, 1977 , Smart et al, 1982  sheep: Morton et al, 1979;  pig: Morton et al, 1983 ). This observation is especially striking when the wide variation in length of gestation among the various species is considered. Rabbit ovulation characteristically occurs at about 10 h after mating (Chang, 1955; Brackett et al, 1972) . Detection of serum early EPF activity was estimated to be within 6 h of fertilization, when the fertilized ova were at the pronuclear stage. These results suggest that EPF may be a useful indicator of preimplantation pregnancy.
The apparent discrepancy in time of peak serum EPF activity seen in Figs 3 and 6 may be due to differences in the protocols. The data illustrated in Fig. 3 were derived from serial samples collected from unanaesthetized animals over the course of pregnancy, while those of Fig. 6 were from indi¬ vidual rabbits at the end of laparotomy. These animals were anaesthetized with pentobarbitone, treated with heparin, and subjected to surgical stress.
The remainder of the experiments focused on the production of early EPF activity, determined both in serum and in the effluent of isolated perfused organs. (Cavanagh et al, 1982) . These results suggest that a triggering factor, released from the pronucleus to morula-stage embryo, is necessary to initiate, but not to maintain, EPF production by the ovary and oviduct.
